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ABSTRACT













The thesis entitled “Stereoselective Synthesis of Phytosphingosines and Anhydrophytosphingosines: (+)-Jaspine B, D-lyxo-Phytosphingosine, 3-epi-Jaspine B, D-ribo-Phytosphingosine, 2-epi-Jaspine B, L-lyxo-Phytosphingosine and (-)-Jaspine B”.

This is divided into three chapters.
Chapter I: it deals with the introduction about “Phytosphingosines and Anhydro-phytosphingosines”.
Chapter II: It is further divided into two sections.
Section A: It deals with “A common strategy for the stereoselective synthesis of anhydrophytosphingosine JaspineB and D-lyxo-Phytosphingosine”.
Section B:  It deals with “The Synthesis of 3- epi -Jaspine B using stereo selective intra-molecular oxa-Michael addition.”	
Chapter III: It is further divided into two sections.
Section A: It deals with “A common and stereoselective strategy for the synthesis of D-ribo-Phytosphingosine and 2-epi-Jaspine B”.	
Section B: It deals with “A common strategy for the stereoselective synthesis of L-lyxo-Phytosphingosine and (-)-JaspineB”.

CHAPTER I
This chapter describes introduction about “Phytosphingosines and Anhydro-phytosphingosines”.

Structure of Sphingolipids

Sphingolipids are important structural and functional components of the plasma membranes of essentially all eukaryotic cells. They play critical roles in many physiological processes including cell recognition, adhesion, and signaling. Since they constitute most of the cell membrane, they are compounds of increasing interest as they
should provide a better insight into the role and function of cell surfaces.Over the past decade, significant strides have been made in the elucidation of biological function of sphingolipids. One of the remarkable findings is the identification of sphingolipid metabolites as second messengers, which provides the basis for the emerging concept of sphingolipid metabolites as therapeutics with clinical potential.
Sphingolipids are a large class of eukaryotic lipids that exist as structural components of cell membranes in animals, plants and some microbial                systems. Sphingolipids are structurally diverse, but possess a common hydrophobie component, generically referred to as ceramide, which is composed of a long-chain base (sphingoid base) canying N-acylated fatty acids of 16-24 carbon atoms. The sphingoid base is formed from three units: a basic amino alcohol with the 2S, 3R configuration, a long chain aliphatic backbone, and a polar head group (Figure 1).



Figure 1: Key structural features of a sphingoid backbone

Most comrnon sphingoid bases:

	Sphingolipids constitute a class of widely ranging natural products. Depending on the source, the basic structure can be modified by differences in chain length, degree of unsaturation, methyl branching, and insertion of additional hydroxy groups. Sphingosine 1, phytosphingosine 2 and their biosynthetic precursor, sphinganine 3 are long chain amino alcohols, generally possessing 18 or 20 carbon atoms. They are building blocks of sphingolipids such as sphingomyelins 4, glycosphingolipids 5, and phosphosphingolipids 6 (Figure 2). Sphingoids are long-chain amino-diol and -triol bases that form the backbone and the characteristic structural unit of sphingolipids, which are important membrane constituents and play vital role in cell regulation as well as signal transduction. Furthermore, glycosphingolipids show important biological activities such as antitumor, antiviral, antifungal and cytotoxic properties. However, the sphingoid base is a highly variable component of sphingolipids, with diverse differences in the structure of the long alkyl chain.

















Biosyntheis of sphingolipids:
Sphingolipid biosynthetic pathways have been extensively studied for more than three decades. The major pathways of biosynthesis from either de novo synthesis or degradation of membrane lipids, such as sphingomyelin are conserved from lower to mammalian organisms. The regulation of signal molecule generations in the metabolic network, such as sphingosine 1-phosphate, is not, however, completely understood at present.

Scheme 1: Biosynthesis 

Sphingolipids are biosynthesized (Scheme 1) by cells either de novo through condensation of serine and palmitoyl-CoA 7 by serine palmitoyltransferase (which occurs in the endoplasmic reticulum) to produce 3-oxosphinganine 8 and CO2 or through stimulus-coupled liberation of the sphingomyelin by several sphingomyelinases. 3-Oxosphinganine 8 is rapidly reduced to dihydrosphingosine 3 (sphinganine) by an NAD(P)H-dependent reductase that is stereospecific for the D-isomer. Subsequently, dihydrosphingosine is N-acylated to dihydroceramide 9, catalyzed by dihydroceramide synthase. Dihydroceramide 9 desaturase catalyses the subsequent introduction of a trans double bond at C-4–C-5 to produce ceramide 10. De novo sphingolipid synthesis can be blocked at serine palmitoyltransferase by L-cycloserine or by the fungal metabolite, myriocin, whereas the mycotoxin, fumonisin, inhibits dihydroceramide synthase. The degradation of membrane sphingolipids by stimuli is the major source of free and secreted S1P or ceramide 10. This degradation of membrane sphingolipids is mainly stimulated by inflammation or stress for platelets and leukocytes.
Yeast and plants contain predominantly phytosphingosine 2 as their main sphingoid base. Phytosphingosine 2 mainly comes from plant origin. Phytosphingosines have been identified either as a free form or a component of glycosphingolipids in plants, marine organisms, mammalian tissues such as kidney, liver, uterus, intestine, skin, blood plasma and even in fungi. The most predominant stereoisomer is D-ribo-phytosphingosine 2. Recent studies in Saccharomyces cerevisiae showed the key functions of phytosphingosine 2 in heat stress response and in endocytosis. Heat stress (change in temperature from 25–30 to 39–42 °C) results in a significant elevation in the levels of phytosphingosine 2. A combination of pharmacological and genetic analysis shows that phytosphingosine 2 (and dihydrosphingosine) is essential for the activation of an ubiquitin-dependent pathway of degradation of nutrient permeases that occurs upon heat stress. Similar studies show that yeast sphingoid bases are necessary for the transient cell cycle arrest by which yeast responds to heat stress. In other studies, it was shown that defects in the formation of phytosphingosine 2 result in defective endocytosis, and it was suggested that the sphingoid bases may act by either activating protein kinases or by inhibiting protein phosphatases. Thus, phytosphingosine 2 is emerging as a bona fide signaling molecule in yeast.
It has also been established that various diastereomers of phytophingosines 2, 11-13 exhibit different activities and metabolism. A great deal of effort has therefore been devoted toward the synthesis of sphingolipids for use in biological studies. This subtle variation in biological activities over a range of diastereomers has led to the synthesis of all the diastereomers of sphingosines. 


Figure 3:

Anhydro-phytosphingosines:
In 2002, pachastrissamine 14 (Figure 4), the first naturally occurring anhydrophytosphingosine derivative, was isolated from the Okinawan marine sponge Pachastrissa sp. by Higa and co-workers. Shortly thereafter, isolated the same compound from a different marine sponge, Jaspis sp. by the Debitus group in 2003 and named the compound jaspine B. This marine natural product exhibits a high cytotoxic activity against various tumor cell lines in vitro. Delgado and co-workers reported that the potency of cytotoxicity is dependent on the stereochemistry of the tetrahydrofuran moiety. 

Figure 4:

Pachastrissamine 14 highly resembles the structure of phytosphingosine 2. Pachastrissamine 14 has an 18-carbon backbone, it has the same functionalities and stereochemistry at C(2) and C(3) as has phytosphingosine 2, and it is highly likely that pachastrissamine 14 is formed biosynthetically from phytosphingosine 2 through intramolecular nucleophilic displacement of the alcohol functionality at C(4) by the primary alcohol at C(1), with concomitant inversion of configuration at C(4). Whether this transformation occurs in nature or not, it does represent an obvious inroad to the preparation of large quantities of pachastrissamine.


Figure 5:
Animal Material: The sponge was collected at the depth of 10-30 m by hand using scuba at Funauki Bay, Iriomote Island in May 1998. The sponge was identified by Dr. J. N. A. Hopper, Queensland Museum, Brisbane, Australia. A voucher specimen (QM G317007) has been deposited at the museum.                        
Genus jaspis is a main source of many cytotoxic compounds such as jaspamides, isomalabaricanes, jaspisamides, toyocamycin and 5-methoxy carbonyltubercidine. Jaspamides possess interesting biological activities such as antiproliferative (cytotoxic and antimicrobial), anthelminthic, insecticidal and ichthyototoxic activities.

Figure. 6. Structures of Jaspine B and its isomers.

The novel structural features and interesting biological activity of pachastrissamine have prompted chemists to develop several syntheses for the jaspine B 14 and its isomers 16-19 (Figure 6). Our group published the first total synthesis of jaspine B 14 and its C2 epimer 16. We also published the synthesis of the C2 and C3 epimer 18 and (-)-jaspine B 19 and their biological activity in comparison to jaspine B 14 and 3-epi jaspine 17. 

CHAPTER II

This chapter is further divided into two sections. 
SECTION A
It describes the stereoselective synthesis of of jaspine B 14 and D-lyxo-phyto-sphingosine 13.

As mentioned in chapter 1 the novel structural features and interesting biological activity of pachastrissamine 14 have prompted chemists to develop several synthetic approaches to it and its isomers.

In continuous our efforts for the synthesis of polyhydroxylated pyrrolidines and carbasugrs, utilising Grignard reaction on chiralimine. Herein we wish to report a common strategy for stereoselective synthesis of anhydrophytosphingosine pachastrissamine 14 and D-lyxo-phytosphingosine 13 from readily available L-ascorbicacid. Lyxo-phytosphingosine 13 can be considered as acyclic analogue of jaspine B 14. Therefore Biological studies on 13 and its analogues will be helpful in understanding the cytotoxicity of jaspine B 14, which inturn will be useful in designing new analogues with better therapeutic activity. 

Retro-synthesis of jaspine B 14 and D-lyxo-phytosphingosine 13:

The general features of our approach to jaspine B 14 and D-lyxo-phytosphingosine 13 are illustrated in retro synthetic format in scheme 2. We envisioned that the compound 20 is a common intermediate for the synthesis of 13 and 14 and it can be obtained from 21 by usual protection and deprotection Process. Olefin 21 can be derived from nucleophilic addition on chiralimine 22, which in turn can be prepared from chiralepoxide 23 by usual protection and deprotection Process. The chiralepoxide 23 can be easily derived from natural L-ascorbicacid 24.



Synthesis of Jaspine B 14:
Our synthesis starting from chiral epoxide 23, which was prepared from the L-ascorbicacid 24 using reported procedure (Scheme 3). The regioselective opening of the epoxide 23 with n-tridecanylmagnesium bromide in the presence of cuprous cyanide in dry THF provided compound 25, which on acetonide hydrolysis with 80% aq AcOH afforded diol 26. Selective protection of the primary hydroxyl group of 26 with tert-butyldimethylsilylchloride gave silylether 27 and then the secondary hydroxyl groups were protected with 2, 2-dimethoxy propane in presence of p-toluenesulphonic acid to afford 28. Deprotection of silylether in 28 with TBAF gave alcohol 29. The alcohol 29 on Swern oxidation followed by condensation of aldehyde with benzylamine in the presence of 4Å molecular sieves in DCM gave chiralimine 22 and this was used as such without any purification. Treatment of crude chiralimine 22 with vinylmagnesium bromide at 0 °C furnished amino olefin 21 exclusively as a single isomer. The absolute configuration of the newly generated stereo center in 21 was not confirmed at this stage but as per our earlier observation it should give the erythro-isomer, which presumably proceeded via β-chelation model A or Felkin-Anh model B (Figure 7).  Since the α-alkoxy oxygen of acetonide will not participate in chelation as per earlier observation by us and others.

Scheme 3: Synthesis of jaspine B 1. Reagents and Conditions: (a) C13H27Br, Mg, CuCN, THF, 0 °C, 2 h, 92%; (b) 80% AcOH, 4 h, 86%; (c) TBDMSCl, imidazole, CH2Cl2, 2 h, 90%; (d) 2,2-DMP, pTSA, CH2Cl2, 2 h, 94%; (e) TBAF, THF, 1 h, 90%; (f) (i) (COCl)2, DMSO, CH2Cl2, -78 °C, Et3N; (ii) BnNH2, CH2Cl2, 4 Å MS; (iii) vinylbromide, Mg, THF, 0 °C (80% over three steps); (g) CbzCl, NaHCO3, MeOH, 0 °C, 1 h, 92% ; (h) (i) O3, CH2Cl2, -78 °C, 30 min and DMS, 1 h; (ii) NaBH4, MeOH, 1 h (85% for two steps); (i) (i) H2, Pd/C, MeOH, 6 h, (ii) (Boc)2O, Et3N, CH2Cl2, 2 h, (83% for two steps); (j) (i) MsCl, Et3N, CH2Cl2, DMAP, 0 °C, 30 min, (ii) pTSA, MeOH, 0 °C, 2 h then NaHCO3 (82% for two steps); (k) TFA, CH2Cl2, 2 h, 90%; (l) (Ac)2O, Et3N, CH2Cl2, 6 h  (85% for two steps).



Figure 7. β-chelation model  (A) and Felkin Anh Model (B).

Having the amino compound 21 in hand we proceeded to the next stage. The amino functionality in 21 was protected as carbamate with CbzCl to give 30. Oxidative degradation of the double bond in 30 with O3/DCM gave aldehyde, which on treatment as such with NaBH4 in MeOH gave the alcohol 31. Hydrogenation of 31 using Pd/C in MeOH, followed by treatment with (Boc)2O in the presence of Et3N afforded the common intermediate 20. The primary hydroxyl group in 20 was converted to mesylate using MsCl in the presence of Et3N in DCM, as such which on treatment with p-toluenesulphonic acid in MeOH followed by treatment with excess NaHCO3 gave the cyclised product 31. Compound 31 on treatment with TFA/DCM gave the desired product anhydro-phytosphinosine pachastrissamine (jaspine B) 14 as TFA salt, which was converted to acetyl derivative 34 by treating with acetic anhydride in the presence of Et3N. The spectral data of 14 and 34 were in good agreement with the reported data.

Synthesis of D-lyxo-phytosphingosine 13:
For the synthesis of D-lyxo-phytosphingosine 13 from 20, following reactions were carried out (Scheme 4). Global deprotection of carbamate and hydrolysis of the acetonide in 20 with TFA/DCM gave 13. For the sake of characterisation, it was converted as such to N,O,O,O-tetra-acetyl D-lyxo-phytosphingosine 34, by treating with acetic anhydride in the presence of pyridine, whose spectral data were in good agreement with the reported data.



Scheme 4: Synthesis of N,O,O,O-tetra-acetyl D-lyxo-phtosphingosine. Reagents and Conditions: (a) (i) TFA, CH2Cl2, 2 h, (ii) (Ac)2O, Py, DMAP, CH2Cl2, 4 h (88 % over two steps).

In conclusion we have successfully demonstrated a general strategy for the synthesis of anhydrophytosphingosine pachastrissamine 14 and D-lyxo-phytosphingosine 13 by using Griganard addition on epoxide 23 and chiralimine 22. The salient feature of this approach is nucleophilic addition on chiralimine for the introduction of chiral amino group. This strategy is also useful to make some other analogs and isomers of phytosphingosine and jaspine B with high stereoselectivity and better activity. 

SECTION B:
This chapter deals with our stereoselective synthetic approache to 3-epi-jaspine  B 17.
	In continuation of our work in the synthesis of bioactive heterocycles using intramolecular hetero Michael addition, here in we wish to report the streoselective synthesis of 3-epi jaspine B 5 using intramolecular oxa-Michael addition reaction for building the tri substituted furan moiety. 
Retro-synthesis of 3-epi-jaspine B 17

As per the retro synthesis (Scheme 5), compound 36 is the key precursor for the synthesis of 3-epi Jaspine B 17. The tri substituted furan moiety 36 can be prepared from 37 by intramolecular oxa- Michael addition reaction. The compound 37 was envisaged to synthesize from 38, which in turn can be prepared from D-(-)-isoascorbic acid 39. One of the key aspects of the synthesis is to study the stereo chemical outcome of the intramolecular oxa- Michael addition in the construction of the THF skelton and it was anticipated that the major compound will have the acetate group in trans position to benzyloxy group.







Scheme 5. Retrosynthetic analysis



As shown in scheme 6, enantiomerically pure (R)-ethyl 2-(benzyloxy)-2-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)acetate 38 the starting precursor of our strategy was prepared from the D-(-)-isoascorbic acid 39 using standard literature procedure. The ester functionality of compound 38 was reduced to alcohol using LiAlH4 in THF to yield compound 40. The compound 40 was oxidized under Swern conditions, followed by Wittig reaction with PPh3CHCOOEt at 0 °C, gave the compound 41 as separable trans and cis isomers mixture in 9:1 ratio with 92% yield. Deprotection of the acetonide group in compound 37 was achieved using 80% aqueous acetic acid to give diol 7, which on further treatment with NaH in THF at -40 °C, underwent 5-exo-trig intramolecular oxa- Michael addition regio selectively to give the inseparable cyclic compounds 36a and 36b in the ratio 10:1 (approximately) and the ratio was confirmed by 1H NMR integrations. The alcohol functionality of compound 36a and 36b was converted into corresponding mesylate, which on treatment with NaN3 ​in DMF at 120 °C afforded inseparable azido compounds 42a and 42b in the ratio 10:1 (approximately) and  the ratio was confirmed by 1H NMR integrations. 

              

36a:R1=H,R2=CH2COOEt,                42a:R1=H,R2=CH2COOEt,
36b: R1=CH2COOEt, R2=H.              42b: R1=CH2COOEt, R2=H.

Scheme 6. Reagents and conditions: (a) LiAlH4, THF, 0 °C-rt, 2 h, 95%; (b)  ((b)  (i) DMSO, (COCl)2, CH2Cl2, -78 °C, 2 h then DIPEA, (ii) PPh3CHCOOEt, CH2Cl2, 0 °C, 1 h, (92 % for two steps); (c) (i) 80% aq. AcOH, 0 °C -rt, 8 h, 98%; (d) NaH, THF, 0.5 h, -40 °C, 96% (36a/36b = 10:1 ratio); (e) (i) MsCl, Et3N, CH2Cl2, DMAP (cat), 0 °C-rt, 1 h, (ii) NaN3, DMF, 120 °C, 8 h, (90% for two steps) (42a/42b = 10:1 ratio).
    
	The ester and azide functionality in compound 42a and 42b was reduced with LiAlH4 in THF and the crude amine was treated with (Boc)2O to give chromato- graphically separable compounds 43 and 44 in the ratio 10:1(Scheme 7).  

	The confirmation of the structures 43 and 44 was achieved by detailed 1D and 2D NMR studies including DQFCOSY and NOESY experiments. For 43 nOe cross peaks were observed between NHa-Hf, NHa-OH and PhCH2-He, whereas for 44 the nOe cross peaks were observed between NHa-Hd, NHa-He, NHa-Hc1 and Hc-Hf (Figure 8).





Scheme 7. Reagents and conditions: (a) (i) LiAlH4, THF, 0 °C-rt, 1 h, aq NaoH then (Boc)2O, 0 °C, 2 h, 90% ( 43 compound 82% and 44 compound 8% ); (b) (i) BAIB, TEMPO (cat), CH2Cl2, rt, 2 h, (ii) C12H25 PPh+3Br-, KOtBu, THF, -40 °C, 1 h (23% from 43 and 21% from 44 for two steps); (c) 10% Pd/C, H2, EtOH, 12 h, 95%.



Figure 8:

	The compound 43 was oxidized under TEMPO/BAIB conditions and the resultant aldehyde was treated with excess Wittig reagent C12H25PPh+3Br- in THF at -78 °C to give cis olefin 45 exclusively with 23% overall yield (for two steps). When compound 44 was subjected under similar condition of oxidation and Wittig reaction it also gave the same compound 45 with 21% overall yield (Scheme 3). The confirmation of the structure 45 was achieved by detailed 1D and 2D NMR studies including DQFCOSY and NOESY experiments and nOe cross peaks were observed between Ha-He, Hd-Hf and He-PhCH2 (Figure 9). 










Figure 9:

The formation of 45 from 44 can be explained on the basis of Davies et al. proposed mechanism (Scheme 8). Oxidation of 44 gave aldehyde 47 which might have undergone 1, 2-elimination via enolate 48 to give 49. Recyclisation of the resultant compound 49 would generate the thermodynamically favored 2, 3-anti aldehyde 50 (C2 epimer of 47), which was trapped by twelve carbon Wittig ylide to give the olefin 45. 



Scheme 



    

Scheme 8. Reagents and conditions: (a) (i) BAIB, TEMPO (cat), CH2Cl2, rt, 2 h, (ii) C12H25 PPh+3Br-, KOtBu, THF, -40 °C, 1 h, (21% for two steps).  

Hydrogenation of 45 under Pd/C-H2 condition gave 46. Whose spectral data are in good agreement with the reported values and conversion of 46 to 3-epi-Jaspine B 17 was recently reported by Canels et.al. Very recently another synthesis of 3-epi-Jaspine B 17 reported by Yoshimitsu et.al . In an attempt to improve the yield, a modified protocol was envisaged from 42a and 42b based on the above strategy. Reduction of ester in diastereomeric mixture 42a and 42b with DIBAL-H gave alcohol 51a and 51b as diastereomeric mixture. Oxidation of 51a and 51b followed by twelve carbon chain Wittig reagent gave 52 as single stereo isomer (Scheme 9).



Scheme 9. Reagents and conditions: (a) DIBAL-H, CH2Cl2, 0 °C-rt, 2 h, 98%; (b) (i) BAIB, TEMPO (cat), CH2Cl2, rt, 2 h, (ii) C12H25 PPh+3Br-, KOtBu , THF, -40 °C, 1 h, (55% for two steps);  (c) 10 % Pd/C, H2, EtOH, 12 h then (Boc)2O, 1 h, (96% for two steps); (d) (i)  TFA,CH2Cl2 , 0 °C;  (ii)  (Ac)2O, CH2Cl2, 0 °C, (92% for two steps).

The confirmation of the structure 52 was achieved by detailed 1D and 2D NMR studies including DQFCOSY and NOESY experiments and nOe cross peaks were observed between Ha-He, Hd-Hf and He-PhCH2 (Figure 10). 

Figure 10. nOe correlation
 Hydrogenation of 52 under Pd/C-H2 condition followed by (Boc)2O treatment gave 46. Boc deprotection of the compound 46 with TFA/CH2Cl2  followed by  acetylation with (Ac)2O/ CH2Cl2  gave the compound 53 (Scheme 9) and the stereochemistry was conformed by detailed 1D and 2D NMR studies including DQFCOSY and NOESY experiments and nOe cross peaks were observed between Hd-Hf, Hb-He and NHAc-Hd (Figure 11).

Figure 11:

In conclusion, we have developed a strategy for the synthesis of 3-epi jaspine B 17 using base induced intramolecular oxa- Michael addition reaction, which is also useful to make same other analogs of Jaspine B with high stereoselectivity.


CHAPTER II
This chapter is further divided into three sections. 
	SECTION A

This chapter deals with “A common and stereoselective strategy for the synthesis of phytosphingosine 2 and 2-epi- jaspine B 16.”

In continuation of our efforts in this area, we envisaged a concise, efficient and common method for the synthesis of N,O,O,O-tetra-acetyl ribo-(2S,3S,4R)-phytosphingosine 54 and  2-epi-jaspine B 16. The starting material for our approach is D-ribose, which is an inexpensive sugar and possesses desired chirality. The retrosynthetic analysis of N,O,O,O-tetra-acetyl D-ribo-(2S,3S,4R)-phytosphingosine 54 and 2-epi-jaspine 16 is depicted in scheme 10. The compound 55 is a common intermediate for the synthesis of 54 and 16 and it can be obtained from compound 56 after appropriate manipulations. The amino group can be introduced by nucleophilic addition on ribosylamine 57 and the required lipid chain can be introduced by Wittig olefination. 


Scheme 10: retro-synthetic analysis
Earlier we explored stereoselective Grignard addition on chiral sugarimines for the synthesis of polyhydroxylated pyrrolidines and carbasugrs. In this report we expanded the utility of this sugarimine Grignard addtion, for the synthesis of N,O,O,O-tetra-acetyl ribo-phytosphingosine 54 and 2-epi-jaspine 16. 
The starting material 5-O-tert-butyl dimethylsilyl-2, 3-O-isopropylidene-D-ribofuranose 58, required for our synthesis was prepared from D-ribose using our earlier procedure (Scheme 11). Reaction on 58 with benzylamine gave ribosylamine 57. Treatment of the crude ribosylamine 57 with vinylmagnesium bromide at -78 °C gave exclusively 56 as a single isomer. The absolute configuration of the newly generated stereo centre was not confirmed at this stage, but as per our earlier observation it should give the erythro isomer. The formation of erythro isomer can be explained via seven membered transition state A or Felkin-Anh model B (Figure 12). In fact the formation of erythro isomer shows that chelation between sugarimine and isopropylidene group has not taken place due to steric strain.




Figure. 12. Seven membered transition state (A) and Felkin Anh Model (B).
The amino functionality in 56 was converted to carbamate with CbzCl to give 59. Oxidative degradation of the alkene functionality in 59 with ozone afforded the aldehyde, which on treatment with NaBH4 in MeOH gave the alcohol 60. In order to protect the primary hydroxyl group, compound 60 was treated with sodium hydride to give the cyclic carbamate 61. Deprotection of silylether in 61 with TBAF gave the diol 62. The diol functionality of compound 62 was oxidatively cleaved to aldehyde using NaIO4 in CH2Cl2/H2O, which was carried to the next step without any purification. Wittig reaction on crude aldehyde with C13H27PPh3+Br- gave 63. Deprotection of carbamate and acetonide in 63 with 6N HCl in EtOH under reflux conditions gave 55. Hydrogenation of 55 gave the D-ribo-phytosphingosine 2. For the sake of characterization, it was converted as such to N,O,O,O-tetra-acetyl D-ribo-phytosphingosine 54, by treating with acetic anhydride and Et3N, whose physical properties are in good agreement with the reported values.


Scheme 11: Synthesis of N,O,O,O-tetra-acetyl D-ribo-phytosphingosine 3.Reagents and Conditions: (a) BnNH2, MeOH, reflux, (b) vinylmegnesium bromide, THF, -78 °C, 2 h, , 72%; (c) Cbz-Cl, NaHCO3, MeOH, 1 h, 98%; (d) (i) O3, CH2Cl2, -78 °C, 30 min and DMS, (ii) NaBH4, MeOH, 1 h (85% for two steps); (e) NaH, THF, 30 min, 92%; (f) TBAF, THF, 2 h, 96%; (g) (i) NaIO4, CH2Cl2, H2O, rt, 4 h, (ii) C13H27Ph3P+Br-, n-BuLi, THF, 1 h (90% for two steps); (h) 6N HCl, EtOH, reflux, 6 h, 94%; (i) (i) H2, Pd/C, MeOH, 6 h, (ii) (Ac)2O, N(Et)3, CH2Cl2, 6 h  (85% for two steps). 

To convert the compound 55 to 2-epi-jaspine B 16 the following reactions were carried out (Scheme 12). Hydrogenation of the compound 55 using Pd/C in MeOH followed by treatment of the resultant amino functionality with (Boc)2O afforded the carbamate 64. Regioselective tosylation of the primary hydroxy group of 64 prompted spontaneous cyclization to give the tetrahydrofuran derivative 65. Deprotection of the Boc group in 65 with TFA/CH2Cl2 provided the desired 2-epi-jaspine B 16 as TFA salt and for the sake of characterization which on acetylation with acetic anhydride in presence of excess Et3N gave the acetyl derivative 66. The physical properties of the TFA salt of 2-epi-jaspine B 16 and its diacetative derivative 66 were in good agreement with the reported values. 




Scheme 12: Synthesis of TFA salt of 2-epi-jaspine B 2b.Reagents and Conditions: (a) (i) H2, Pd/C, MeOH, 6 h, (ii) (Boc)2O, Et3N, CH2Cl2, 2 h  (95% over two steps); (b) (i) TsCl, Et3N, DMAP, CH2Cl2, 86 % (c) TFA, CH2Cl2, 2 h; 89 %; (d) (Ac)2O, Et3N, CH2Cl2, 4 h, 94 %.

In conclusion we have successfully demonstrated a general strategy for the synthesis of N,O,O,O-tetra-acetyl D-ribo-phytosphingosine 54 and 2-epi-jaspine B 16 and its diacetate derivative 66 by using stereoselective vinyl Grignard on ribosylamine. Application of this strategy to make some more analogs of phytosphingosine and jaspine B are in progress.


	SECTION B

This chapter deals with stereoselective synthesis of acetyl derivatives of L-lyxo-phytosphingosine 67 and (-)-jaspine B 68
Here in we envisaged a concise, efficient and common method for the synthesis of N,O,O,O-tetra-acetyl lyxo-(2R,3R,4R)-phytosphingosine 67 and N, O-diacetyl-(-)-jaspine B 68. The starting material for our approach is D-glucose, which is an inexpensive sugar and possesses desired chirality. 
The retrosynthetic analysis of 67 and 68 is depicted in scheme 13. The compound 69 is a common intermediate for the synthesis of 67 and 68 and it can be obtained from compound 70 after appropriate manipulations. The amino group can be introduced by nucleophilic addition on sugarimine 71 and the required lipid chain can be introduced by Wittig olefination. Sugarimine 71 can be obtained from D-glucose.

 

Scheme 13: retro-synthetic analysis

Our synthesis of 67 and 68 starts from 70, which can be prepared from commercially available D-glucose using our earlier procedure (Scheme 14). The allylamine 70 was treated with CbzCl in the presence of NaHCO3 in dry MeOH to afford compound 71 in 92% yield. Oxidative cleavage of terminal double bond in 71 with OsO4/NaIO4 produced aldehyde which on treatment with NaBH4 in dry MeOH gave 72 in 94% yield. In order to protect the primary hydroxyl group, compound 72 was treated with sodium hydride to give the cyclic carbamate 73. Deprotection of 2,3-O-isopropylidene group in 73 was achived using TFA-H2O to afford hemiacetal 74. Oxidative cleavage of 74 with NaIO4 in MeOH-H2O gave aldehyde, the resultant aldehyde was treated as such with excess Wittig reagent C12H25P+Ph3Br- in dry THF at 0 °C to give 75 in 84% isolated yield. Deprotection of carbamate in 75 was achived with 4N NaOH to give 69 in 82% yield. Hydrogenation of the compound 69 on treatment with Pd/C in EtOH gave L-lyxo-phytosphingosine, for the sake of characterization this was converted to acetyl derivative 67 by using Ac2O in the presence of pyridine. Spectral data of 67 is in good agreement with reported values. 
	
Scheme 14: Synthesis of acetyl derivatives of lyxo-phytosphingosine 67 and ent-jaspine B 68: Reagents and Conditions: (a) Cbz-Cl, NaHCO3, MeOH, 1 h, 98%; (b) (i) OsO4/NaIO4, acetone/water 4:1, 0 °C to rt, 3 h; (ii) NaBH4, MeOH, 1 h (85% for two steps); (c) NaH, THF, 30 min, 92%; (d) TFA-H2O, 0 °C to rt, 4 h, 80%; (e) (i) NaIO4, MeOH, H2O, rt, 1 h, (ii) C13H27Ph3P+Br-, n-BuLi, THF, 0 °C , 1 h (90% for two steps); (f) 4N NaOH, EtOH, reflux, 6 h, 94%; (g) (i) H2, Pd/C, MeOH, 6 h, (ii) (Ac)2O, Py, CH2Cl2, 6 h  (85% for two steps).

For the synthesis of (-)-jaspine B 19 the following reactions were carried out. Hydrogenation of the compound 69 using Pd/C in MeOH followed by protection of the resultant amino functionality with (Boc)2O in the presence of Et3N afforded the carbamate 77. Regioselective tosylation of the primary hydroxy group of 77 prompted spontaneous cyclization to give the tetrahydrofuran derivative 78 (Scheme 15). Deprotection of the Boc group in 78 with TFA/CH2Cl2 provided the (-)-jaspine B 19, which on acetylation with acetic anhydride in presence of excess Et3N gave the acetyl derivative 68. The physical properties of Boc protected ent-jaspine B 78 and its diacetative derivative 68 were in good agreement with the reported values.

Scheme 15: Synthesis of (-)-jaspine B 11: Reagents and Conditions: (a) (i) H2, Pd/C, MeOH, 6 h, (ii) (Boc)2O, Et3N, CH2Cl2, 2 h  (95% over two steps); (b) (i) TsCl, Et3N, DMAP, CH2Cl2, 86 % (c) (i) TFA, CH2Cl2, 2 h; 89 %; (ii) (Ac)2O, Et3N, CH2Cl2, 4 h, 94 %.

In conclusion we have successfully demonstrated a common strategy for the synthesis of acetyl derivatives of L-lyxo-phytosphingosine and anhydrophytosphingosine (-)-jaspine B by using chiral sugarimine Grignard addition and Wittig olefination. This strategy is also useful to make some other analogs and isomers of phytosphingosine and jaspine B with high stereoselectivity to study their activity.
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